Abstract. Ozone concentration in the atmosphere of Mexico City is analyzed for the period [2000][2001][2002][2003][2004][2005][2006], finding an average reduction of 24%, in spite of not meeting the norm of 110 ppb in more than 42% of the days in Pedregal. The maximum ozone levels in the last three years were 250 ppb well above the norm of 110 ppb. The number of vehicles registered in the Federal District has increased in the period by an average of 35%. Notwithstanding the increase in vehicular fleet, improvement of air quality is ascribed to the replacement of old cars by more efficient and less contaminating new cars. To decrease even more the ozone concentration, it is suggested to decrease further the Reid Vapor Pressure of gasoline to 7.0 psia to reduce the evaporation of light olefins. Keywords: Ozone, replacement of old cars by new ones, daily emission
Introduction
Garfias and Díaz [1] analyzed the trend in ozone levels from 1986 to 2000, finding that the worst year was 1991, when a peak of 404 ppb was reached. Since then, ozone levels were substantially decreased to a maximum of 282 ppb in 2000. However, as in 2000 the ozone concentration did not decreased as consistently as previously, it was feared that the increment in the vehicular fleet and its consequent increase in vehicular emissions would deteriorate air quality in the Valley of Mexico. To study data, they found that the universe made by the following five stations: Tlalnepantla, Xalostoc, Merced, Pedregal and Cerro de la Estrella, when ozone data was grouped yearly can be studied statistically. They concluded that the year with the highest ozone level and the higher standard deviation was 1991, year which was taken as reference thereafter to make comparisons on the efficiency of the municipal programs to reduce ozone levels. Furthermore, they observed an average reduction in the ozone levels of 34.4% on the group of the five stations in 1999 among the percentiles 5 and 95% with respect to 1991, reduction that increases as the percentile is smaller. They also found that in the years of the ninety decade of last century, the maximum daily ozone concentration was reduced year by year, with the exception of 2000. Comparing the ozone levels of 2000 with respect to 1999, there was a reduction in the lower percentiles but not in the higher ones. In 1991 only 22.7% of the measurements complied with the norm in the five stations, while in 1999 the satisfactory maximum daily ozone measurements raised to 55%, and consequently it was affirmed that the program to control ozone was successful and met the goal set then.
The present study is a continuation of the previuos one and it encompasses data from 2000 to 2006 for the five stations described previously The figure 1 shows de meteorological stations relative position ( All the stations are located at 99° West Longitude and 19° North Latitude. The longitude as well as the latitude in the figure are in minutes of degree and the horizontal axis is with negative numbers because West longitude increases towards the left):
The distance between meteorological stations in kilometers appears in the table 1:
Recent trend
The registry of ozone data in the five stations could be considered reliable for comparison purposes, as there is sufficient data, close to the 1825 days in normal years and 1830 in a leap year. The numbers of registered days in the period are given in Table 2 .
The media evolution of the daily maximum ozone levels in the group of five stations is illustrated in Figure 2 .
In Figure 2 it can be appreciated that the media trend decreases in the whole period, but the decrease is more acute in the first part of the period (2000) (2001) than in the final portion (2005) (2006) . The percentage of days in the 5 stations, in which the norm 110ppb is exceeded, is another important factor to be analyzed. This is illustrated in Figure 3 .
The maximum daily ozone per year is illustrated in Figure  4 . It can be appreciated that the maximum daily ozone lies around a figure of 225 in the last portion of the graph regardless of year.
The hourly ozone data for the 5 stations depict the ozone concentration in the Valley of Mexico is summarized in Table 3 . From the data shown in Table 3 , it can be concluded that:
• The average ozone reduction in the period 2000-2006 was 24%, which compares favorable and continues the observed trend in 1991-1999 that showed a reduction of 34.4%. • In the period 1991-1999 the decrease in the ozone concentration was higher in the lower percentiles than in the higher ones. The opposite took place in the period 2000-2006, where the higher ozone reductions took place in the higher percentiles.
With respect to each station, the percentage of days exceeding the ozone norm is shown in Table 4 .
Pedregal is the station in which the norm was more often exceeded, as in 2006 the norm was not met in more than 42% of the days. On the other hand, Xalostoc was the station with the lowest number of days in which the norm was not complied with, as only less than 6% of the days did not meet the norm in 2006.
From inspection of Figures 3 and Table 3 it can be concluded that the highest ozone concentration in the period was registered in 2000, followed by 2002.
The distribution of the maximum daily ozone levels for the five stations, from the 10% percentile to the 90% is given in Table 3 .
Conclusions and Recommendations
It can be concluded that: • Air quality improved as the years pass, the improvement is more notorius in the higher percentiles than in the lower ones.
Vehicular Fleet
The trend in ozone levels can not be discussed without considering the number of vehicles circulating in the Metropolitan Zone of Mexico City. In Table 5 , it is summarized the number of vehicles registered every two years by the Government of the Federal District. From Table 5 it can be concluded that:
• Except pick'ups all other type of vehicles have increased in number in the period 2000-2006 by an average of 35%.As ozone is mainly affected by gaso- line driven vehicles, it is convenient to analyze the consumption of gasoline in the period, information which is given in Table 6 .
• In Table 6 , it can be appreciated a yearly increase in gasoline consumption, which amounts to 15.7% in the period. The higher quality gasoline, the PEMEX Premium had an increase of 64% in the period, which is indicative of the preference shown by the owners of new cars, to use PEMEX Premium.
• The ozone reduction is slightly higher in the higher percentiles. As the regions showing higher ozone levels are where the most affluent society resides, it could be inferred that the rate of car replacement for most modern and less contaminating vehicles is higher in wealthy regions than in lesser ones.
• As the volume of gasoline used in the Valley of Mexico of 20 millions of liters a day is high, it is advisable to improve gasoline quality by reducing the Reid Pressure to 7 psig, in order to decrease the gasoline lost by evaporation richer in olefins (2).
• Another factor that is required to analyze to reach firm conclusions is the temperature profile in the five stations aforementioned, as ozone formation is also temperature dependant. Unfortunately there is not a full registry of the temperature profile in the 5 stations that represent the Metropolitan Area of Mexico City.
The relation between temperature and ozone concentration is a very strong one. The following plot shows de hourly concentration of ozone and temperature normalized for the first six days of 1999 in the Pedregal metereological station. (the normalization of both: ozone and temperature was done substracting the mean value form the series and dividing by the standard deviation of the corresponding series. The mean of the ozone is 0.05388 ppm and the mean of the temperature 16.322°C. The standard deviation for the already substracted series are 0.05236 and 5.411 for ozone and temperaure respectively). • It is recommended to have more reliable statistics as to the number of cars circulating in Mexico City, as the owners of old cars seem to maintain its registration even if they posses and only use the newly acquired cars.
• It can be concluded that the rate of change of old cars by new ones and less contaminating ones, has decreased the ozone levels in Mexico City. However, the problem still subsists in the area close to the Pedregal Station, where the norm is exceeded 42% of days.
• There is no doubt that as far as ozone is concerned, air quality in the Valley of Mexico has improved considerably. In order to better understand the reason for the improvement, it is convenient to consider jointly the evolution of the vehicular fleet and gasoline consumption. If it is assumed that the whole set of private cars, taxis, combis, pick ups and motorcycles consume gasoline and if it is supposed that the distance traveled by the gasoline powered vehicles is constant in time, this is, that not withstanding the year, the total distance run by the vehicular fleet is the same, then it is possible to calculate an average figure The relative volume increase in the demand of Premium over Magna confirms that there has been a car renewal, circulating now newer and more efficient cars than the older inefficient ones.
It seems to be that the increase trend in efficiency is approximating to a minimum and is not expected to a further spectacular increase in efficiency, as the figure reached in 2004 of 5.64 is close to 5.61 of 2006, unless a new policy is implemented to favor 4 cylinder cars over 6 or 8 cylinders ones.
On the other hand, in a survey conducted by one of the authors (3) it was found that the average daily consumption by a taxi was 18 liters. The taxi fleet in 2000 was 109 972 vehicles, which gives a total daily consumption of nearly 2 million liters, which is approximately 11% of total. If in top of that it is added the gasoline used by combis and buses, it is realized the importance that must be given to the Inspection and Maintenance Programs for the sector of public transportation.
Recently, some discussion has arisen upon the convenience to install the program to avoid vehicle circulation on Saturdays to improve air quality in Mexico City. We have no solid arguments to favor or oppose such a program, but from the ozone viewpoint, it is convenient to look at the average ozone levels during the different days of the week, to see if a lower ozone level on Saturday brings down an ozone level on another day.
In Table 7 , the average ozone levels for the different days of the week are shown for the stations of Pedregal, Merced and Tlalnepantla for 2006.
In the following graphs the data in Table 7 are illustrated as follows:. • One would expect that the higher number of cars circulating would require an incremental volume of gasoline consumption. However, in spite of an increment in time on the number of units comprising the vehicular fleet, the gasoline consumption per unit has decreased, which indicates that there has been an increase in the efficiency of the vehicular fleet, by the incorporation of new models. An increase in efficiency means that the vehicles are less contaminating, disregarding the type of gasoline consumed. The relative volume increase in Premium over Magna would involve lesser emission of particles, as Premium has lower sulfur content than Magna, but as regards as the ozone precursors there should not be much difference between both fuels.
average ozone levels during weekdays at Pedregal Stration
As expected, in general the worst ozone level is at Pedregal, with an average of 35 ppb. It is also seen that in general the worst ozone day on average is on Wednesday, and the lowest ozone level occurs on Saturday, and the low Saturday level does not reflect on the Sunday level, as in one station (Merced), the average ozone level is even the worst during the whole week. It must be said, that temperature is the factor that has most influence on ozone formation, so an analysis of temperature profiles among the weekdays would give a better idea as to the improvement on air quality by curtailing car circulation on Saturdays.
average ozone levels during weekdays at Merced Stration average ozone levels during weekdays at Tlalnepantla Stration
